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INTEGRATED LITHOGRAPHIC FABRICATION CLUSTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to integrated lithographic exposure and 
processing system and methods of lithographic exposure and processing. 

2. Description of the Related Art 

[0002] Among other things, lithographic fabrication systems are used in the manufacture 
of integrated circuits (ICs). In such cases, a patterning device generates a circuit pattern 
corresponding to an individual layer of the IC, and this pattern is then imaged or exposed 
onto a target portion of a substrate (e.g. silicon "wafer") that has been coated with a layer 
of radiation-sensitive material (e.g. "resist"). Generally, a single wafer substrate will 
contain a whole network of adjacent target portions that are successively irradiated via a 
projection system. 

[0003] To this end, complete lithographic fabrication systems, such as lithographic system 
100 depicted in FIG. 1A, typically employ three separate functional entities: (a) a 
lithographic exposure apparatus 102 that patterns the wafer substrate; (b) a wafer handling 
apparatus 103 that transports the wafer substrate; and (c) a separate wafer track apparatus 
104 that interconnects a host of processing modules 104 a y-104*#, which are configured to 
perform various processes before and/or after the pattern is exposed onto the wafer 
substrate. 

[0004] The term "patterning device" as employed herein should be broadly interpreted to 
refer to devices that can be used to endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be created in a target portion of the 
substrate. The term "light valve" may also be used in this context. Generally, the pattern 
will correspond to a particular functional layer in a device being created in the target 
portion, such as an integrated circuit or other device (see below). Examples of such 
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patterning device include: 

[0005] (a) a mask: the concept of a mask is well known in lithography, 
and it includes mask types such as binary, alternating phase-shift, and 
attenuated phase-shift, as well as various hybrid mask types. Placement of 
such a mask in the radiation beam causes selective transmission (in the 
case of a transmissive mask) or reflection (in the case of a reflective mask) 
of the radiation impinging on the mask, according to the pattern on the 
mask. In the case of a mask, the support structure will generally be a mask 
table, which ensures that the mask can be held at a desired position in the 
incoming radiation beam, and that it can be moved relative to the beam if 
so desired; 

[0006] (b) a programmable mirror array : an example of such a device is a 
matrix-addressable surface having a viscoelastic control layer and a 
reflective surface. The basic principle behind such an apparatus is that (for 
example) addressed areas of the reflective surface reflect incident light as 
diffracted light, whereas unaddressed areas reflect incident light as 
undiffracted light. Using an appropriate filter, the said undiffracted light 
can be filtered out of the reflected beam, leaving only the diffracted light 
behind; in this manner, the beam becomes patterned according to the 
addressing pattern of the matrix-addressable surface. The required matrix 
addressing can be performed using suitable electronic devices. More 
information on such mirror arrays can be gleaned, for example, from 
United States Patent Nos. US 5,296,891 and US 5,523,193, which are 
incorporated herein by reference. In the case of a programmable mirror 
array, the said support structure may be embodied as a frame or table, for 
example, which may be fixed or movable as required; and 

[0007] (c) a programmable LCD array: an example of such a 
construction is given in United States Patent No. US 5,229,872, which is 
incorporated herein by reference. As above, the support structure in this 
case may be embodied as a frame or table, for example, which may be 
fixed or movable as required. 

[0008] For purposes of simplicity, the rest of this text may, at certain locations, specifically 
direct itself to examples involving a mask and mask table; however, the general principles 
discussed in such instances should be seen in the broader context of the patterning device 
as set forth above. Also, the projection system may hereinafter be referred to as the "lens"; 
however, this term should be broadly interpreted as encompassing various types of 
projection system, including refractive optics, reflective optics, and catadioptric systems, 
for example. The radiation system may also include components operating according to any 
of these design types for directing, shaping or controlling the projection beam of radiation, 



30418795vl 



-2- 



Docket No. P-1759.000-US 

and such components may also be referred to below, collectively or singularly, as a "lens". 

[0009] FIG. IB provides a more detailed illustration of lithographic apparatus 102. As 
indicated in FIG. IB, lithographic apparatus 102 comprises: 

[0010] an illumination system: illuminator IL for providing a 
projection beam PB of radiation {e.g. UV radiation or other radiation); 

[001 1] a first support structure: {e.g. a mask table, mask holder) MT 
for supporting patterning devices {e.g. a mask or reticle) MA and 
connected to first positioning mechanism PM for accurately 
positioning the patterning device with respect to item PL; 

[0012] a substrate table: {e.g. 2l wafer table, wafer holder) WT for 
holding a wafer substrate {e.g. a resist-coated wafer) W and connected 
to second positioning mechanism PW for accurately positioning the 
substrate W with respect to item PL; and 

[0013] a projection system: {e.g. a refractive projection lens) PL for 
imaging a pattern imparted to the projection beam PB by patterning 
device MA onto a target portion C {e.g. comprising one or more dies) 
of substrate W. 

[0014] The illuminator IL receives a beam of radiation from a radiation source SO. The 
source SO and lithographic apparatus 102 maybe separate entities, such as when the source 
SO is an excimer laser. In such cases, source SO is not considered to form part of 
lithographic apparatus 102 and the radiation beam is passed from the source SO to the 
illuminator IL with the aid of a beam delivery system BD comprising, for example, suitable 
directing mirrors and/or a beam expander. In other cases, the source SO may be integral 
part of apparatus 102, such as when the source SO is a mercury lamp. The source SO and 
illuminator IL, together with the beam delivery system BD if required, may be referred to 
as a radiation system. 

[0015] The illuminator IL may comprise adjusting mechanism AM for adjusting the 
angular intensity distribution of the beam. Generally, at least the outer and/or inner radial 
extent (commonly referred to as a-outer and a-inner, respectively) of the intensity 
distribution in a pupil plane of the illuminator can be adjusted. In addition, the illuminator 
IL generally comprises various other components, such as an integrator IN and a condenser 
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CO. The illuminator provides a conditioned beam of radiation, referred to as the projection 
beam PB, having a desired uniformity and intensity distribution in its cross-section. 

[0016] The projection beam PB is incident on the mask MA, which is held on the mask 
table MT. Having traversed the mask MA, the projection beam PB passes through the lens 
PL, which focuses the beam onto a target portion C of the substrate W. With the aid of the 
second positioning mechanism P W and position sensor IF (e.g. an interferometric device), 
the substrate table WT can be moved accurately, e.g. so as to position different target 
portions C in the path of the beam PB. Similarly, the first positioning mechanism PM and 
another position sensor (which is not explicitly depicted in FIG. IB 1) can be used to 
accurately position the mask MA with respect to the path of the beam PB, e.g. after 
mechanical retrieval from a mask library, or during a scan. In general, movement of the 
object tables MT and WT will be realized with the aid of a long- stroke module (coarse 
positioning) and a short-stroke module (fine positioning), which form part of the 
positioning mechanism PM and PW. However, in the case of a stepper (as opposed to a 
scanner), the mask table MT may be connected to a short stroke actuator only, or may be 
fixed. Mask MA and substrate W may be aligned using mask alignment marks Ml, M2 
and substrate alignment marks PI, P2. 

[0017J Lithographic apparatus 102 can be used in the following preferred modes: 

[0018] step mode: the mask table MT and the substrate table WT are 
kept essentially stationary, while an entire pattern imparted to the 
projection beam is projected onto a target portion C in one sweep (i.e. a 
single static exposure). The substrate table WT is then shifted in the X 
and/or Y direction so that a different target portion C can be exposed. 
In step mode, the maximum size of the exposure field limits the size of 
the target portion C imaged in a single static exposure. 

[0019] scan mode: the mask table MT and the substrate table WT are 
scanned synchronously while a pattern imparted to the projection beam 
is projected onto a target portion C (i.e. a single dynamic exposure). 
The velocity and direction of the substrate table WT relative to the 
mask table MT is determined by the (de-)magnification and image 
reversal characteristics of the projection system PL. In scan mode, the 
maximum size of the exposure field limits the width (in the non- 
scanning direction) of the target portion in a single dynamic exposure, 
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whereas the length of the scanning motion determines the height (in the 
scanning direction) of the target portion. 

[0020] other mode: the mask table MT is kept essentially stationary 
holding a programmable patterning device, and the substrate table WT 
is moved or scanned while a pattern imparted to the projection beam is 
projected onto a target portion C. In this mode, generally a pulsed 
radiation source is employed and the programmable patterning device is 
updated as required after each movement of the substrate table WT or in 
between successive radiation pulses during a scan. This mode of 
operation can be readily applied to maskless lithography that utilizes 
programmable patterning device, such as a programmable mirror array 
of a type as referred to above. 

[0021] Combinations and/or variations on the above described modes of use or entirely 
different modes of use may also be employed by lithographic apparatus 102. 

[0022] As noted above, lithographic apparatus 102 also contains an exposure tool 
controller 102 A that communicates with and controls the various mechanisms and features 
of the apparatus 102 described above in order to process and expose the target portion C of 
the wafer substrates W in the desired manner. 

[0023] In current lithographic exposure apparatuses, employing patterning by a mask MA 
on a mask table MT, a distinction can be made between two different types of machines. In 
one type of lithographic exposure apparatus - commonly referred to as a wafer stepper - 
each target portion is irradiated by exposing the entire mask pattern onto the target portion 
C in one go. In an alternative apparatus - commonly referred to as a step-and-scan 
apparatus - each target portion C is irradiated by progressively scanning the mask pattern 
under the projection beam PB in a given reference direction (e.g., "scanning" direction) 
while synchronously scanning the substrate table WT parallel or anti-parallel to this 
direction. Because, in general, the projection system will have a magnification factor M 
(generally < 1), the speed V at which the substrate table WT is scanned will be a factor M 
times that at which the mask table MT is scanned. More information with regard to 
lithographic devices as here described can be gleaned, for example, from United States 
Patent No. 6,046,792, incorporated herein by reference. 

[0024] It is to be noted that the lithographic exposure apparatus may also be of a type 
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having two or more substrate tables (and/or two or more mask tables). In such "multiple 
stage" devices, the additional tables may be used in parallel, or preparatory steps may be 
carried out on one or more tables while one or more other tables are being used for 
exposures. Twin stage lithographic apparatus are described, for example, in United States 
Patent No. 5,969,441 and WO 98/40791, incorporated herein by reference. 

10025] Regardless of the lithographic exposure apparatus used, the wafer substrates W 
may, as noted above, be subjected to a variety of processes before the pattern is exposed 
onto the wafer substrate. For example, wafer substrate W may be subjected to cleaning, 
etching, ion implantation (e.g., doping), metallization, oxidation, chemo-mechanical 
polishing, priming, antireflective coating, resist coating, soft bake processes, and 
measurement processes. These processes may be completed in individual apparatus or 
grouped into a common apparatus, such as select ones of the depicted processing modules 
1 04 a j- 1 04*# of wafer track apparatus 1 04. For example, wafer track apparatus 1 04 typically 
performs priming, antireflective coating, resist coating, soft bake, and measurement 
processes prior to the exposure process. 

[0026] The wafer substrates W may also be subjected to a host of post-exposure processes, 
such as, for example, post exposure bake (PEB), development, hard bake, etching, ion 
implantation (e.g., doping), metallization, oxidation, chemo-mechanical polishing, 
cleaning, and measurement processes. Again, these processes may be completed in 
individual apparatus, or grouped into a common apparatus, such as select ones of the 
depicted processing modules 104 a ;-l 04*# of wafer track apparatus 104. For example, wafer 
track apparatus 104 typically performs post exposure bake (PEB), development, and 
measurement processes after the exposure processes. If several layers for each wafer 
substrate W are required, which is usually the case, the entire procedure, or variants 
thereof, will have to be repeated for each new layer. 

[0027] As indicated above, these pre- and post-exposure processes are performed by 
stations or modules designed for their respective purposes. Select ones of processing 
modules 104 fl /-104*# may be configured as pre-exposure processing modules, which 
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perform pre-exposure processes, and post-exposure processing modules, which perform 
post-exposure processes. 

[0028] The wafer substrates W are subj ected to processing modules 1 04 aJ - 1 04*#, as well as 
the lithographic exposure apparatus 102 in a pre-defined sequence. In this arrangement, 
the wafer substrates W travel along a pre-specified processing path within wafer track 
apparatus 104 to get serviced by specific processing modules that can be tracked. Wafer 
track apparatus 104 contains a track controller 104A to control the specific processing path 
of each wafer substrate. 

[00291 Wafer track apparatus 104 is coupled to wafer handling apparatus 103. Wafer 
handling apparatus 103 transports wafer substrates between lithographic exposure 
apparatus 102 and wafer track apparatus 104. Wafer handling apparatus 103 may include 
robotic, conveyor, or track mechanisms or combinations therefrom, to transport the wafer 
substrates between lithographic exposure apparatus 102 and wafer track apparatus 104. 
Wafer handling apparatus 103 may also include an interface section 103 A to provide 
limited communications between lithographic exposure apparatus 102 and wafer track 
apparatus 104. Generally, such communications are minimal and are limited to an 
indication that wafer substrate W is ready to be picked up from the wafer track 104 and 
delivered to the exposure apparatus, or that a wafer W is ready to be picked up from the 
exposure apparatus 102 and delivered to wafer track apparatus 104. 

[0030] Upon receiving the wafer substrate W from the wafer handling apparatus 103, 
exposure apparatus 102 transports the substrate W through a number of processes modules 
as specified by the exposure controller 102 A of exposure apparatus 102. The wafer track 
apparatus 104, prior to delivering the substrate W to the wafer handler 103 or upon 
receiving the substrates from the wafer handler 103, transports the substrates W through 
various processing modules 104 fl y-104* # specified by the track controller 104A of wafer 
track apparatus 104. 

[0031] Needless to say, it is important that the features and profile of the pattern exposed 
on the target field C of the wafer substrate W layer are replicated as accurately as possible. 
To this end, manufacturers normally specify key attributes, which can be collectively 
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considered the critical dimension (CD) of the exposed pattern, in order to characterize the 
features and profile of the pattern and establish a benchmark level of quality and 
uniformity. The CD metric may include, for example, the gap between features, X and/or 
Y diameter of holes and/or posts, ellipticity of holes and/or posts, area of feature, feature 
sidewall angle, width at the top of a feature, width at the middle of a feature, width at the 
bottom of a feature, and line edge roughness. 

[0032] There are, however, numerous activities during the lithographic fabrication process 
that affect the critical dimension uniformity (CDU) and compromise the quality of the 
exposed pattern. Indeed, many of the very processes that service and treat the substrate 
wafers along wafer track apparatus 104, such as, for example, the post exposure bake 
(PEB), chill, and develop processing modules, contribute to variations in the CDU. Such 
variations may occur across a target field C, across a wafer W, and between wafers W. 

[0033] Moreover, these variations may be exacerbated by the lack of communications and 
control between the distinct functional entities of lithographic fabrication lithographic 
system 100. That is, unwanted variations and non-uniformities may result from the lack of 
communications, timing, and control as the wafer substrates W travel to and/or from 
exposure apparatus 102, wafer handling apparatus 103, and wafer track apparatus 104, 
which houses the processing modules 104 fl y-104*# that treat the substrates W. Ultimately 
these variations and non-uniformities result in the loss of yield for the lithographic 
fabrication process, and frequently result in decreased throughput. 

SUMMARY OF THE INVENTION 

[0034] Systems, apparatuses and methods consistent with the principles of the present 
invention, as embodied and broadly described herein, provide for the improvement of CD 
uniformity and throughput by an integrated lithographic fabrication cluster system. The 
fabrication cluster system comprises an exposure apparatus to expose a pattern onto a 
substrate with an associated exposure controller to control the exposure apparatus and a 
track apparatus interconnecting a plurality of processing modules with an associated track 
controller to control the track apparatus. The cluster system also comprises a wafer 
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handling apparatus coupled to the exposure apparatus and track apparatus that is 
configured to transfer substrates between the processing modules contained within the 
exposure apparatus and the track apparatus and a wafer handling controller to control the 
wafer handling apparatus. The cluster system further comprises a cluster controller that 
communicates control information to at least one of the exposure controller, the track 
controller, and the wafer handling controller to manage operations of the exposure 
apparatus, the track apparatus, and the wafer handling apparatus during the lithographic 
fabrication process. 

[0035] Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood that 
such an apparatus has many other possible applications. For example, it maybe employed 
in the manufacture of integrated optical systems, guidance and detection patterns for 
magnetic domain memories, liquid-crystal display panels, thin- film magnetic heads, etc. 
The skilled artisan will appreciate that, in the context of such alternative applications, any 
use of the terms "reticle", "wafer" or "die" in this text should be considered as being 
replaced by the more general terms "mask", "substrate" and "target portion/target field", 
respectively. 

[0036] In the present document, the terms "radiation" and "beam" are used to encompass 
all types of electromagnetic radiation, including ultraviolet (UV) radiation (e.g. with a 
wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation 
(e.g. having a wavelength in the range 5-20 nm). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying schematic drawings in which: 

[0038] FIG. 1A is a schematic illustration of a current lithographic system including a 
lithographic projection apparatus, a wafer handling apparatus, and a wafer track apparatus; 
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[0039] FIG. IB is a schematic illustration of a lithographic projection apparatus; 

[0040] FIG. 2A is a schematic illustration of an integrated lithographic fabrication cluster, 
in accordance with an embodiment of the present invention; 

[0041] FIG. 2B is a high level flow diagram depicting an embodiment of the present 
invention; and 

[0042] FIG. 2C is a high level flow diagram depicting attributes of an embodiment of the 
present invention. 

[0043] In the figures, corresponding reference symbols indicate corresponding parts. 



DETAILED DESCRIPTION 

[0044] As noted above, many of the processes that treat the wafer substrates, such as, for 
example, the post-exposure bake (PEB), chill, and develop processes, contribute to 
variations in CDU that negatively affect the quality and performance of the exposed 
patterns as well as the speed that these exposed patterns can be generated. And, in 
particular, these variations maybe exacerbated by the lack of communications, timing, and 
control between lithographic exposure apparatus 102, wafer handling apparatus 103, and 
wafer track apparatus 104 and its associated processing modules 104 fl/ -104A:#. 

[0045] For example, increased variations and non-uniformities may result from such 
processing-related factors as: (a) the particular paths taken by the wafer substrates as they 
travel through the wafer track apparatus 104; (b) delays in processing through the wafer 
track apparatus 104; (c) delays between the completion of the patterning by exposure 
apparatus 1 02 and the start of the post exposure bake PEB process by wafer track apparatus 
104; (d) scheduling anomalies between lithographic exposure apparatus 102 and wafer 
track apparatus 104; (e) and deviations from nominal process times. 
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[0046] As described in greater detail below, the present invention contemplates an 
integrated lithographic fabrication cluster that groups together and choreographs the 
operation of the exposure apparatus, wafer handling apparatus, and that combines some or 
all of the substrate processing modules that are typically located in the wafer track 
apparatus. In addition, the cluster incorporates cluster level decision-making functionality 
as well as communication and feed-forward and feedback control functionality between the 
various apparatus. 

[0047] With this configuration, the lithographic fabrication cluster is capable of exploiting 
the information that has been typically stored within an individual apparatus, such as, for 
example, wafer track processing data, metrology data, and/or scheduling information, to 
provide control information that can be communicated to the different apparatus. As such, 
the lithographic fabrication cluster takes into account processing-related factors to enhance 
pre- and post-exposure substrate processing and reduce variations and non-uniformities to 
improve overall CDU performance and throughput and increase productive yields. 

[0048] FIG. 2A schematically depicts integrated lithographic fabrication cluster system 
200, constructed and operative in accordance with a particular embodiment of the present 
invention. As illustrated, system 200 includes cluster controller 200A, lithographic 
exposure apparatus 202, exposure tool controller 202A, wafer handling apparatus 203, 
wafer handling controller 203 A, wafer track apparatus 204, and wafer track controller 
204A. 

[0049] In one embodiment, cluster controller 200A, lithographic exposure apparatus 202, 
exposure tool controller 202A, wafer handling apparatus 203, wafer handling controller 
203 A, wafer track apparatus 204, and wafer track controller 204A are arranged within a 
common housing structure. 

[0050] Lithographic exposure apparatus 202 is configured to expose a circuit pattern 
residing on a reticle or mask onto a target field of a wafer substrate via an irradiating 
projection beam. As such, lithographic exposure apparatus 202 may include many of the 
mechanisms and features discussed above. 
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[0051] Lithographic exposure apparatus 202 also includes exposure tool controller 202 A 
that controls, monitors, and communicates with the various mechanisms and features of 
apparatus 202 to properly process and expose the wafer substrate's target portions C. 
Moreover, cluster controller 200A provides monitoring and feed-forward/feedback control 
capabilities to manage various operations performed by the exposure tool apparatus 202, 
wafer handling apparatus 203, and wafer track apparatus 204. 

[0052] Exposure tool controller 202A may comprise micro-processing circuitry, 
application-specific integrated circuitry (ASIC), or similar logic circuitry capable of 
processing information and instructions, responding to information requests, 
communicating with linked devices, and executing commands. In addition, exposure tool 
controller 202A contains a communications interface portion to enable communications 
and control between various controllers and control elements employed by system 200 and 
may also include electronic memory and/or storage facilities. 

[0053] Wafer track apparatus 204 is configured to perform pre-exposure processes 
including, but not limited to, priming, anti-reflective coating, resist coating, soft bake 
processes, and measurement processes. Wafer track apparatus 204 is also configured to 
perform post exposure processes including, but not limited to, post exposure bake (PEB), 
development, and measurement processes. 

[0054] In performing these pre- and post-exposure processes, a number of processing 
stations or modules 204 al -204 kl are incorporated within the wafer track apparatus 204. 
These processing modules 204 fl7 -204*/ may include Chill Plates, Bake Plates, Coater 
modules, Developer modules, Priming modules, and metrology modules. Multiple 
modules of any given type 204 a ;-204 fl# . may be included within wafer track apparatus 204 
to increase throughput. 

[0055) Wafer track apparatus 204 is also configured to interconnect and control processing 
modules 204 a; -204)t#. Select processing modules 204 fl /-204*# may be stacked vertically to 
accommodate space constraints and/or minimize path lengths between the modules 204^- 
204*#. The track mechanism may be arranged in a multi-level configuration to 
accommodate the stacked processing modules 204 fl/ -204*#. In one embodiment, processing 
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modules 204 fl y-204^# comprise priming, antireflective coating, resist coating, soft bake 
processes, chill stations, post exposure bake (PEB), development, and measurement. 

[0056J Wafer track apparatus 204 also includes a wafer track controller 204A that controls, 
monitors, and communicates with the various processing modules, mechanisms and 
features of wafer track apparatus 204 to properly process and measure the wafer substrates 
and provided feed-forward/feedback control data. 

10057] Wafer track controller 204A may comprise micro-processing circuitry, application- 
specific integrated circuitry (ASIC), or similar logic circuitry capable of processing 
information and instructions, responding to information requests, communicating with 
linked devices, and executing commands. In addition, controller 204A contains a 
communications interface portion to enable communications and control between various 
controllers and control elements employed by system 200 and may also include electronic 
memory and/or storage facilities. 

[0058] Wafer handling apparatus 203 is configured to transport the wafer substrates W, in 
a pre-specified order, between processing modules 204 a7 -204*/ of wafer track apparatus 
204 and exposure apparatus 202. Wafer handling apparatus 203 may include robotic, 
conveyor, or track mechanisms or combinations therefrom to support the delivery and/or 
retrieval of wafer substrates from processing modules 204 fl/ -204*/. Because wafer track 
apparatus 204 includes a number of processing modules 204 a/ -204*#, all of these modules 
require the support of wafer handling apparatus 203 to load and unload the wafer substrates 
W from the individual modules. 

[0059] Moreover, exposure apparatus 202 also utilizes a number of processing modules 
that require the support of the wafer handling apparatus 203. These processing modules 
may include pre-alignment, exposure chuck, discharge chuck, and metrology chuck. 

[0060] Wafer handling apparatus 203 also includes a wafer handling controller 203 A that 
controls, monitors, and communicates with the various processing modules, mechanisms 
and features of the cluster, and cluster controller 200A to transport the wafer substrates W 
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to the proper locations in an efficient manner and facilitate the communication of feed- 
forward/feedback control data. 

[0061] Wafer handling controller 203A may comprise micro-processing circuitry, 
application-specific integrated circuitry (ASIC), or similar logic circuitry capable of 
processing information and instructions, responding to information requests, 
communicating with linked devices, and executing commands. In addition, controller 
203 A contains a communications interface portion to enable communications and control 
between various controllers and control elements employed by system 200 and may also 
include electronic memory and/or storage facilities. 

[0062] Cluster controller 200A is configured to communicate with wafer handling 
controller 203 A, wafer track controller 204A, exposure tool controller 202A, substrate 
processing archive 206, and external information 208 such as user interface, metrology 
data, and/or a host controller. Cluster controller 200A may comprise micro-processing 
circuitry, application-specific integrated circuitry (ASIC), or similar logic circuitry capable 
of processing information and instructions, responding to information requests, 
communicating with linked devices, and executing commands. 

[0063] In addition, cluster controller 200A contains a communications interface portion to 
enable communications and control between various controllers and control elements 
employed by system 200 and may also include electronic memory and/or storage facilities. 
Also as indicated above, exposure tool controller 202A provides monitoring and feed- 
forward/feedback control capabilities to manage various operations performed by the 
exposure tool apparatus 202, wafer handling apparatus 203, wafer track apparatus 204, 
substrate processing archive 206, and external information. 

[0064] Communications between cluster controller 200 A, wafer handling controller 203 A, 
wafer track controller 204A, exposure tool controller 202A, substrate processing archive 
206, and external information is achieved through a common communications link 
interconnecting the respective communications interface portion of each of the 
aforementioned elements. In one embodiment, the communications link comprises a wired 
link between the elements that accommodates the transmission and reception of 
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electrically-based signals constituting information signals. Other suitable means of 
establishing communications between the elements, including wireless methods, may also 
be used. 

[0065] In an exemplary embodiment, cluster controller 200A functions to monitor and 
process input control data to effect the processing of the wafer substrates W. Input control 
data may include: (a) wafer processing history; (b) current and past metrology results; (c) 
processing steps; (d) processing order; (e) processing times; (f) processing conditions; 
(g) ambient conditions (e.g., temperature, barometric pressure, etc.); (h) number of 
requested processing modules; (i) number of available processing modules; (j) processing 
module locations; (k) number of wafer substrates; (1) over head times; (m) wafer 
substrate handling times; (n) interrupts, errors, and warnings; (o) exposure time; (p) 
reticle exchange time; (q) laser fill time; (r) calibrations; (s) user inputs; (t) past 
processing results; (u) exposure corrections; (v) reticle corrections; and (w) process 
corrections. 

[00661 In response to monitoring and processing input control data, cluster controller 200A 
produces output control data to control the various attributes of wafer substrate W 
processing. Output control data may provide and control such attributes as: (a) optimized 
wafer handling timing; (b) optimized wafer handling sequence and path direction; 
(c) optimized utilization of processing modules; (d) maintain consistent processing times; 
(e) control the application of process and exposure corrections; and (f) updating of user 
interface. 

[0067] Cluster controller 200A is also configured to receive metrology data and wafer 
substrate W data from substrate processing archive 206, external sources 208, and process 
such data into substrate-related processing information. The substrate-related processing 
information may then be exploited to formulate and transmit feed- forward control data in 
order to manage the various operations performed by exposure apparatus 202, wafer 
handling apparatus 203, and wafer track apparatus 204. 

[0068] Feed-forward control data may include: (a) timing data; (b) scheduling data; (c) 
processing history information; (d) current and past metrology data; (e) processing path 
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data; (f) ambient conditions; and any other information relevant to wafer substrate 
processing. This information can be used to formulate and implement exposure corrections 
including, but not limited to, dose corrections, illumination corrections, overlay 
corrections, leveling corrections, lens element position changes, etc. This information can 
also be used to formulate and implement processing corrections, such as, for example, 
processing times, temperatures, spin speeds, air flow, etc. 

[0069] Processing archive 206, cluster controller 200A, exposure controller 202A, and 
wafer track controller 204 A may be configured to measure and utilize metrology data from 
internal or external sources 208 as well as other wafer data that relate to CD uniformity and 
overlay. Metrology data may include: (a) feature size of the entire substrate; (b) size of 
the individual target fields; (c) thickness of the resist; (d) thickness of the anti-reflective 
coating; (e) gap between features; (f) X and/or Y diameter of holes and/or posts; (g) 
ellipticity of holes and/or posts; (h) area of feature; (i) width at the top, middle, and/or 
bottom of a feature; (j) line edge roughness; (k) feature sidewall angle; and (1) overlay in 
X and Y directions. 

[0070] This measurement information may be obtained by a scanning electron microscope 
(SEM), spectroscopic ellipsometer, reflectometer, electric line width measurement (ELM), 
focused ion beam (FIB), e-Beam, atomic force microscope (AFM), scatterometer, defect 
inspection tool, overlay measurement tool, etc. Substrate wafer W data is then forwarded 
to, and stored in, substrate processing archive 206. 

[0071] FIG. 2B illustrates lithographic fabrication process 250, in accordance with an 
embodiment of the present invention. Lithographic fabrication process 250 provides an 
exemplary operation of system 200. As indicated in procedure task P252, a particular run 
of the process is defined and initialized. The definition and initialization of the run 
includes the specification and initialization of a host of operating parameters including, not 
limited to, pre-exposure processing, such as, coating spin speeds, bake temperatures, bake 
timing, etc., exposure information, such as exposure dosages, timing, and sequencing, and 
post-exposure processing, such as, post-exposure bake temperatures, bake timing, etc. 
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[0072) After the particular run has been defined and initialized, cluster controller 200 A, in 
procedure task P254, accesses input control data from wafer track controller 204A, 
exposure controller 202A, and wafer handler controller 203 A. 

[0073] As discussed above, input control information identifies attributes that are needed 
to run the process, such as, for example, identification of the processing modules 204 a/ - 
204 w to be used, the processing times, the wafer handling timing, the wafer handling 
requirements, the exposure dosage and timing, the wafer history, the process corrections, 
and other critical processing information. Additionally, input control information may also 
comprise metrology data and wafer substrate W data from substrate processing archive 
206 and/or external sources 208. 

[0074] As indicated in procedure task P256, based on the input control information, cluster 
controller 200A then determines and generates output control data to manage the 
operations of the various cluster apparatuses and components required by the fabrication 
process in an optimized manner. As discussed above output control data may include, for 
example, the most efficient processing scheme, process corrections, and scheduling 
information. 

[0075] Upon determining the optimized strategy for the cluster, cluster controller 200 A, in 
procedure task P258, communicates the output control data to wafer track controller 204A, 
exposure controller 202A, and wafer handler controller 203A. This communication is 
"fed-forward" to controllers 202A, 203A, 204A in order to implement the optimized 
strategy for the cluster. In procedure task P259, the particular fabrication run is then 
executed and the substrates are exposed and processed in accordance with the optimized 
cluster strategy. 

[0076] To provide further optimization, cluster controller 200A may, as indicated in 
procedure task P260, also acquire run-time process information as the process is running. 
Run-time process information is information that indicates attributes of the running 
process. Run-time process information may include, for example, current processing 
status, timing, and other processing information from wafer track controller 204A, 
exposure controller 202 A, wafer handler controller 203 A, and/or external sources 208. 
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The acquisition of current processing information "feed-back" may be performed on a 
periodic basis or upon the detection of a pre-specified triggering. 

[0077] As depicted in procedure task P262, upon acquiring the run-time process 
information, cluster controller 200A reevaluates cluster performance. If necessary, cluster 
controller 200A then determines and generates revised output control data to update the 
operations of the various components of the fabrication process in order to re-optimize 
cluster performance. 

[00781 Cluster controller 200A then communicates the revised output control data to wafer 
track controller 204A, exposure controller 202A, and wafer handler controller 203 A, as 
indicated in procedure task P264. This communication is "fed-back" to controllers 202 A, 
203 A, 204A in order to implement the updated and re-optimized cluster strategy on-the-fly. 

[0079J The feed-forward and feed-back control implemented by cluster controller 200A 
can be applied to individual or groups of wafer substrates W, specific or groups of 
processing modules, processing sequences, exposure methods, reticles, stages, or any 
individual or grouping of parameters that effect CDU, overlay, or throughput. 

[0080] FIG. 2C illustrates the feed-forward control capabilities of system 200, in 
accordance with an embodiment of the present invention. As depicted in FIG. 2C, cluster 
controller 200 A monitors and manages the various operations performed by wafer handling 
apparatus 203, wafer track apparatus 204, exposure tool apparatus 202, processing archive 
206, and monitors external source information 208. Cluster controller 200A may transmit 
feed- forward control data to wafer handling controller 203 A, wafer track controller 204B, 
exposure tool controller 202A, and processing archive 206. As noted above, feed-forward 
control information includes control data, such as timing data, scheduling data, processing 
path data and any other information relevant to wafer substrate processing. This data 
exchange can also occur directly between processing archive 206, exposure controller 
202A, and wafer track controller 204A. 
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[0081] FIG. 2C also illustrates the feedback control capabilities of system 200, in 
accordance with an embodiment of the present invention. As noted above, cluster 
controller 200A processes the measured metrology and wafer substrate data stored in 
substrate processing archive 206 to form substrate-related processing information. The 
processing information is then formulated to generate feed- forward control data. Thus, by 
feeding back and factoring the measured metrology and wafer substrate data, system 200 
provides the capability to further enhance processing and achieve acceptable CDU levels. 

[0082] In this manner, integrated lithographic fabrication cluster system 200 coordinates 
and choreographs the wafer substrate fabrication process and provides cluster level 
decision-making functionality as well as communications and control functionality 
between exposure, wafer handling, and wafer processing to enhance pre- and post-exposure 
substrate processing, improve overall CDU performance and throughput, and increase 
productive yields. 

[0083] Whilst specific embodiments of the invention have been described above, it will be 
appreciated that the invention may be practiced otherwise than as described. The 
embodiments described above may, instead, be implemented in different embodiments of 
software, firmware, and hardware in the entities illustrated in the figures. For example, 
some of the disclosed procedure tasks may be performed by the exposure tool controller or, 
in the alternative, by a processing device dedicated for such purposes. 

[0084] As such, the description is not intended to limit the invention. The configuration, 
operation, and behavior of the present invention has been described with the understanding 
that modifications and variations of the embodiments are possible, given the level of detail 
present herein. Thus, the preceding detailed description is not meant or intended to, in any 
way, limit the invention - rather the scope of the invention is defined by the appended 
claims. 
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